InTROduCTIOn
Health literacy is established as a principal component of patient health. Health literacy has been related to severity of health-related conditions, prevention activities, process markers of health and control of chronic diseases, and health outcomes. 1 The WHO has defined health literacy as 'the cognitive and social skills which determine the motivation and ability of individuals to gain access to, understand and use information in ways which promote and maintain good health. ' 2 Inadequate health literacy has been reported to have a high prevalence across countries with estimates of 29%-62% in the USA and European countries. 3 4 The prevalence of health literacy in lower income countries has not been precisely determined.
In some studies, adequate health literacy has been shown to contribute towards the successful use of oral anticoagulation. [5] [6] [7] An association between health literacy and successful anticoagulation use is plausible because warfarin use is complicated by its narrow therapeutic index, wide variability in dose-response and need for frequent monitoring. 8 Health literacy has been related to understanding the rationale for anticoagulation; however, investigation of the relationship between health literacy and successful warfarin use has yielded mixed results. 5 6 9-11 Warfarin is the most widely used oral anticoagulant worldwide and studying health literacy in low-income and middle-income countries is relevant because of the increased vulnerability of such populations to health-related adversity and the likelihood of inadequate health literacy. Further, the most recent European Society of Cardiology guidelines have emphasised patient education and shared decision making as priorities for atrial fibrillation (AF) management and care. 12 Evaluation of health literacy is critical towards engaging patients in shared decision making.
We employed the Short Assessment of Health Literacy for Portuguese-speaking Adults (SAHLPA-18), validated in Brazilian Portuguese by Apolinario et al, 13 to examine health literacy in anticoagulation clinics in two large tertiary care settings. Health literacy has been referred to as a psychosocial risk factor for warfarin instability. 14 The identification of sociodemographic and clinical factors associated with health literacy in individuals taking warfarin may guide interventions focused on tailored patient education strategies. We hypothesised that inadequate health literacy is related to poor anticoagulation control, as quantified by percentage of time in therapeutic range (TTR).
MeTHOdS

Study design and settings
The present investigation is a cross-sectional, observational study conducted in the anticoagulation clinics of two public teaching hospitals in Belo Horizonte, Southeast Brazil. The hospitals are large tertiary and specialty care facilities that together treat approximately 35 000 admissions and over 500 000 ambulatory visits annually.
Healthcare delivery, economics and global health
At both institutions, individuals prescribed warfarin are enrolled in multidisciplinary anticoagulation clinics with established protocols for patient education and warfarin dose adjustment. Participants in the current study were enrolled from July 2015 to February 2016. The study protocol was approved by the Institutional Ethics Committee of the Universidade Federal de Minas Gerais. All participants provided informed consent.
Participants
Study eligibility criteria were: age ≥18 years, indication for warfarin therapy ≥60 days continuously and ≥3 international normalised ratio (INR) measures in the clinic. Individuals were assessed prospectively for eligibility at anticoagulation monitoring visits. Participants were excluded due to: inability to communicate secondary to dementia, aphasia or other cause; inability to communicate in Brazilian Portuguese; and anticoagulation clinic visit gaps of ≥90 days. Participants who died within 90 days of enrolment were excluded from analyses.
Health literacy measurement and variable assessment
Health literacy was measured with SAHLPA-18, selected for its reliability in identifying low health literacy. 15 It consists of 18 common medical terms that patients read aloud and associate with another word from a pair displayed by the interviewer. Score range is 0-18 with ≤14 indicating inadequate health literacy. 13 Age and sex were extracted from the medical record. Race was self-reported and categorised as white or non-white. Education was obtained by self-report and categorised as none, incomplete elementary school, elementary school, incomplete high school or ≥high school. Self-reported income was converted to US$ using established exchange rates. Cohabitation was defined as living permanently with at least one person.
Clinical data were collected from medical records, prescriptions, laboratory results and participant's self-report. Indication for warfarin therapy was categorised as AF, prosthetic heart valve, stroke/transient ischaemic attack and/or thromboembolism. Anticoagulation administration and INR goals were guided by standard practice guidelines. Duration in years of warfarin use was recorded as a continuous variable. Assistance with taking warfarin (yes/no) was determined as the consistent need of caregiver assistance for warfarin administration. Cognitive status was evaluated using a Brazilian version of the Mini-Mental State Examination (MMSE). 16 MMSE scores were stratified by school years to categorise patients as impaired or normal cognitive function. 17 Comorbidities are provided in online supplementary table S1. The number of comorbidities was calculated by summing all diagnoses, excluding the indication for warfarin therapy. The number of prescribed medications was obtained from medical records.
Statistical analysis
Categorical variables were described by their distributions and continuous measures as median and quartiles due to their non-normal distribution, combining data among hospitals. We quantified anticoagulation by TTR, measured to determine the percentage of time the INR was in the appropriate target range for each participant. 18 The TTR was calculated using the Rosendaal method 19 We used logistic regression models to relate age, sex, race, school years, education, monthly income, cohabitation, indications for warfarin therapy, duration of warfarin use, assistance with taking warfarin, TTR, number of chronic medications, cognitive status, study site and number of comorbidities to inadequate health literacy. The selection of variables hypothesised to be associated with health literacy was based on previous publications. 5 6 11 Models were adjusted for age, sex and study site. Results were expressed as OR with 95% CIs. The variables associated with health literacy with p value <0.20 were included in a multivariable logistic regression model using stepwise adjustments (method forward logistic regression) to identify sociodemographic and clinical characteristics related to health literacy.
To investigate the relations between health literacy and TTR, SAHLPA-18 scores were analysed in both a categorical and continuous manner. We considered health literacy as the independent variable and TTR as the dependent variable. We employed a multivariable logistic regression model using stepwise adjustments to select the covariates related to TTR that would remain in the model examining the relation between health literacy and TTR. We tested the following variables in the multivariable model: age, sex, study site, race, school years, income, cohabitation, presence of prosthetic heart valves, duration of warfarin use, assistance with taking warfarin, number of chronic medications, cognitive status, number of comorbidities and neuropsychiatric disorders. The Hosmer and Lemeshow test was used to verify the model fit (p>0.05). A two-tailed p value <0.05 was considered statistically significant. Consistent with prior analyses, we performed a continuous analysis of SAHLPA-18 score to identify a threshold effect in the relation of health literacy and TTR. 20 We created five categories based on the examination of their frequency distribution, as previously done by Wolf et al. 20 The categories were: 1=0-8 points; 2=9-11 points; 3=12-13 points; 4=14-15 points; and 5=16-18 points. The linear correlation between health literacy and TTR was tested by the Spearman's coefficient with two-sided significance level of 5%. A sensitivity analysis was performed to assess TTR using INR measures obtained during the most recent year of follow-up. Patients were classified as having poor TTR (<60%) or adequate TTR (≥60%). 
ReSulTS
Of approximately 900 clinic participants, 540 were assessed for eligibility and 422 (78.1%) were enrolled over a prospective, 8-month study duration. Figure 1 presents the study participant selection flow chart. Table 1 summarises the descriptive covariates of participants (median age 62.1 years; 58.8% women). There were 315 (74.6%) participants with education <elementary school completion; median monthly income was approximately $200.00. The main indications for warfarin use were AF (n=314, 74.4%) and prosthetic valves (n=126, 29.9%). The median duration of warfarin use was 2.7 years (Quartiles, Q1=1.2; Q3=5.7) with a predominant INR target range of 2.0-3.0 (n=317; 75.1%). The median TTR was 66.1% (IQR=18.7). We identified that 50.5% of participants had an INR interval >56 days; none had all INRs above this interval limit. There were 262 (62.1%) patients with some degree of cognitive impairment. Participants had a high burden of chronic disease, as evidenced by the median number of comorbidities being 3 (Q1=2; Q3=5) and median number of chronic medications being 6 (Q1=4; Q3=7). Comorbidity distributions are described in online supplementary table S1.
Measurements and factors associated to inadequate health literacy
Most participants were classified as having inadequate health literacy (72.3%) with a median score of 12 (Q1, 10; Q3, 15) on the SAHLPA-18. In models adjusted for age, sex and study site, inadequate health literacy was associated with fewer school years, prosthetic heart valves, duration of warfarin use, assistance with taking warfarin and cognitive status. For each additional 10 years of age, there was a 41% increased likelihood of inadequate health literacy (OR 1.41; 95% CI 1.19 to 1.69). Each increase in year of education was associated with decreased likelihood of inadequate health literacy (OR 0.79; 95% CI 0.74 to 0.86). Table 2 presents the relation between decreasing health literacy and lower education.
Factors associated with inadequate health literacy in the multivariable analysis were cognitive impairment (OR 3.57; 95% CI 2.05 to 6.23) and assistance with taking warfarin (OR 2.64; 95% CI 1.02 to 6.84). Factors associated with adequate literacy in the multivariable analysis were having a prosthetic heart valve (OR 0.36; 95% CI 0.20 to 0.64) and years of formal education (OR 0.76; 95% CI 0.69 to 0.82). The final model, presented in table 3, had a good statistical fit using the Hosmer and Lemeshow test (p=0.34).
Relation between health literacy and TTR
The median TTR for inadequate health literacy and adequate health literacy was 65.4% (56.4; 74.6) and 68.0% (56.2; 77.5), respectively. The association between TTR as a continuous measure and health literacy as the dependent variable was not significant in a logistic regression model adjusted for age, sex and study site (OR 1.01; 95% CI 0.99 to 1.02). Likewise, we did not identify an association between health literacy and TTR in a logistic regression model adjusting for age, sex, study site, assistance with taking warfarin and number of chronic medications (OR 1.05; 95% CI 0.65 to 1.70; results summarised in table 4). This final model had a good statistical fit using the Hosmer and Lemeshow test (p=0.08). The sensitivity analysis showed no significant difference in the estimates of health literacy and TTR using INR measures obtained during the most recent year of follow-up (online supplementary tables S2 and S3). Further, there was no consistent association in the relation of SAHLPA-18 as a categorical measure and TTR, when SAHLPA-18 was categorised into five discrete levels (figure 2). Our analysis showed no significant linear correlation between SAHLPA-18 scores and TTR (Spearman's coefficient 0.02; p=0.70). Hence, we were not able to identify a threshold effect for the relation of health literacy and TTR. Therefore, we sought to determine the effect size that we were powered to detect. We performed a post hoc determination of statistical power to assess a statistically significant difference in TTR between individuals with inadequate and adequate health literacy. We determined that our statistical power was limited (10.0%) to identify such a difference given our sample size and the mean TTR for those with inadequate (64.7%±13.8%) and adequate (65.8%±15.5%) health literacy.
dISCuSSIOn
We identified a high prevalence of inadequate health literacy (n=305, 72.3%) in this low-income patient cohort. However, the lack of relation of health literacy and TTR was an unexpected finding. In contrast to our hypothesis, we did not identify a significant relation between health literacy and TTR, analysing health literacy as a categorical or continuous variable. Previous studies assessing health literacy and anticoagulation outcomes have shown conflicting or unexpected results. 5-7 11 22 Several studies have identified significant associations of health literacy with TTR. [5] [6] [7] In contrast, others have found no relation of health literacy and TTR in English-speaking and Spanish-speaking cohorts. 11 22 Of note, we found that the median TTR in our cohort was very high, even similar or greater than that observed in clinical trials (range 58.0%-68.4%). [23] [24] [25] It is possible that the absence of a spectrum of health literacy precluded identifying a relation between these variables, given that >70% of the cohort had inadequate health literacy.
Following multivariable regression analysis, cognitive impairment and assistance with taking warfarin were associated with inadequate health literacy, whereas prosthetic heart valves and more years of formal education were associated with adequate health literacy. The association between cognitive impairment and inadequate health literacy is consistent with previous studies. 26 27 Cognitive assessments have been related to health literacy in chronic diseases such as heart failure 26 or hypertension. 27 As a related measure, individuals requiring assistance with taking warfarin had a 2.6-fold increased likelihood of having inadequate health literacy compared with those not requiring assistance. We expect that decreased health literacy would be concomitant with limited ability to self-manage medications and independently follow instructions.
Of interest, we identified that higher health literacy was associated with the implantation of a prosthetic heart valve as the indication for anticoagulation. We cannot exclude the possibility that biases such as socioeconomic resources, education or other unmeasured social determinants of health may influence selection for prosthetic heart valve surgery. Our finding that greater years of education were related to health literacy is consistent with prior studies. 5 26 27 Our post hoc power calculations determined that we were underpowered to detect a difference in TTR by level of health literacy in our cohort. Our study consists of individuals enrolled in anticoagulation clinics linked to the Brazilian Public Health System in our region. More geographically and socioeconomically diverse populations may reveal different associations between health literacy and TTR. 
Healthcare delivery, economics and global health
Further, our study did not account for family support and social network that may influence warfarin adherence and in turn bolster TTR. Second, our study may have important selection biases. Individuals with inadequate health literacy may likely have had worse response to warfarin therapy and may have died prior to enrolment. Also, individuals with inadequate health literacy may have experienced barriers to healthcare access or have not been prescribed warfarin for a variety of medical and non-medical reasons. Our data suggest such biases because of the shorter duration of warfarin use in older individuals with inadequate health literacy compared with those with adequate health literacy.
Approximately one third of the Brazilian population presents low functional literacy and large regions of the country have even poorer literacy rates. 28 Our study found that although there was high prevalence of inadequate health literacy among low-income people taking warfarin, the TTR was considerably high. From a clinical point of view, even people with inadequate health literacy may benefit from warfarin therapy if they have access to dedicated anticoagulation clinics. Our findings reinforce the need for considering health literacy when planning patient-centred educational interventions and delivering care to disadvantaged populations.
Strengths and limitations
The strengths of our study are that we assessed health literacy in a vulnerable patient population prospectively enrolled in tertiary healthcare centres. To our knowledge, this is the first Healthcare delivery, economics and global health study examining health literacy and metrics of anticoagulation in South America. Hence, the findings and investigation provide an important and novel benchmark for patient-centred investigations in health literacy and cardiovascular outcomes in Brazil. Our analysis has crucial limitations. First, this cohort was not intended to be representative of our clinical population, nor was it intended to include all patients receiving anticoagulation monitoring at these facilities. Participants were recruited sequentially. While we attempted to include as many clinic patients as possible, we do recognise the possibility of selection bias. Participants with greater comorbidities and disability, and potentially those with lower health literacy, may have been less likely to have used the clinic and had opportunities for enrolment. Likewise, we do not have information on individuals who were candidates for anticoagulation but not enrolled in our clinic, regardless of health literacy level. Second, the SALHPA-18 is not a comprehensive assessment of health literacy. Domains such as writing, listening, speaking, numeracy and conceptual knowledge 29 -not evaluated by the SALPHA-18-may contribute towards health outcomes in individuals receiving anticoagulation. 5 Third, we extracted information from medical records. Whereas this approach is consistent with many studies conducted in healthcare settings, we cannot exclude misclassification of comorbidity or diagnosis. Fourth, cut-off points for MMSE are heterogeneous in Brazilian instruments and validation still needs to be developed. Therefore, we may have misclassified cognitive status resulting in the high prevalence of cognitive impairment in our study. Fifth, our study was conducted in a single region of Brazil, and the generalisability of our study to higher socioeconomic cohorts, or across Brazilian states and regions or to other South American nations remains unknown. Finally, while we sought to include relevant sociodemographic and clinical measures, we expect there was residual confounding from variables, such as social determinants of health that were not collected in this investigation.
COnCluSIOnS
We determined that inadequate health literacy was highly prevalent in this socioeconomically impoverished Brazilian cohort of patients receiving anticoagulation. In contrast to our hypothesis, we did not identify an association between health literacy and TTR. High-quality anticoagulation clinics may contribute to overcome the identified disadvantages of inadequate health literacy. Future studies should identify systemic factors that facilitate successful anticoagulation outcomes for people with inadequate health literacy. Contributors MaPM, alPr, eJB, lccB, MKPO and JWM have been directly involved in the conception of this manuscript, and interpreted the results in collaboration. MaPM and JMc collected data. JVMM assisted in performing statistical analysis. all authors have provided important contributions to drafting, editing and revising the manuscript. the authors take responsibility for all aspects of the reliability and freedom from bias of the data presented and its final contents.
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